Bone morphogenetic protein activity preservation with extracorporeal irradiation- and liquid nitrogen freezing-treated recycled autografts for biological reconstruction in malignant bone tumor.
Recycled autografts have been commonly used in biological reconstruction in conjunction with wide bone resection. Extracorporeal irradiation (ECIR) and freezing are the two major options for pretreating tumor-bearing autografts before transplant. This study, for the first time, compared the effects of these two techniques on bone morphogenetic protein (BMP)-2 activity. Bone tissue extracted from human femoral heads were treated through either ECIR at different doses (5000, 15,000, and 30,000 rad) or liquid nitrogen (LN) freezing for different durations (5, 10, and 15 min). The amount of BMP was analyzed through enzyme-linked immunosorbent assay (ELISA assay). Furthermore, we also used tandem mass spectrometry to analyze change of BMP-2 and BMP-7 expression after high dosage of irradiation (30,000 rad) and long-time of freezing (15 min). To directly evaluate the effect of ECIR or LN freezing treatment on the activity of BMP, commercial recombinant human BMP-2 (rhBMP-2) was added to the culture of human mesenchymal stem cells (hMSCs). The post-treatment activity of rhBMP-2 was quantitated by measuring the osteogenic differentiation of hMSCs with Alizarin Red S staining. Through Western blotting, the activation of the BMP signaling pathway by phospho-Smad antibodies was analyzed. Our results showed that post-treatment levels of BMP did not differ among the ECIR and LN freezing treatments in ELISA assay, but tandem mass spectrometry showed significantly lower expression of BMP-2 after 30,000 rad of irradiation. Both ECIR and freezing lowered the expression of regulatory factors involved in the BMP-activated signaling cascades and similar results were also observed in osteogenic differentiation of hMSCs. However, LN freezing preserved better bioactivity of rhBMP-2 whereas dosage-dependent declination was observed in ECIR groups. In conclusion, considering BMP-2 activity, LN freezing-treated autografts may result in a better osteoinduction outcomes than those treated using ECIR. Further investigation of the factors involved in bone formation is required.